Introduction Introduction Introduction Introduction
There are similarities between monkeys and humans in their bodily structure, biped nature and in the presence of five fingers in each hand (Champneys, 1871) . Monkeys are very close to humans under phylogenetic, morphologic, physiological and biochemical aspects. Such aspects justify the choice of the Cebus monkey for anatomical and behavioral studies. The Cebus genus features the largest geographical distribution among neotropical primate species, and according to Lopes (2004) is observed from Colombia and Venezuela all the way to northern Argentina; inhabits tropical, subtropical and riverside forests, as well as savannah and semi-arid regions in Brazil. Cognitive and very skilled, they display an immense capacity to handle tools for obtaining food and amusement, and such activities are observed in both captivity and in the wild (Breseida and Ottoni, 2001; Resende and Ottoni, 2002) .
These animals show social habits of food division among members of the group, similarly to humans and chimpanzees (Waal, 2005) . Knowledge of their macroscopic internal structure will provide data for histological and biochemical studies, as well as aiding in ethological studies and the preservation of the species. Some studies regarding encephalic Acta Sci. Biol. Sci. Maringá, v. 29, n. 3 p. 247-254, 2007 vascularization (Ferreira and Prada, 2001; Silva and Ferreira, 2002a; Silva and Ferreira, 2002b; Neto and Ferreira, 2002; Silva and Ferreira, 2003; Silva et al., 2003) and vascularization of the submandibular gland (Oliveira et al., 2000) of Cebus have been carried out; however, there is no data available on limb vascularization. We have been studying the limb structures of capuchin monkeys (AversiFerreira et al., 2005a; Aversi-Ferreira et al., 2005b; Aversi-Ferreira et al., 2006; Aversi-Ferreira et al., 2007) ; and studies on the cortical physiology were also carried out (Lima et al., 2003) . For this study, we characterized anatomically the main vessels and their branches located in the arm of the Cebus monkey, taking into consideration their frequency, number, origin and distribution. The data was related with these same vessels found in specialized literature in humans (Gray, 1988; Williams et al., 1979; Hollinshead, 1980; Keen, 1961; Karlsson and Niechajev, 1982; Testut and Latarjet, 1958) , in specialized literature on other non-human primates (Glidden and Garis, 1936; Urbanowicz and Zaluska, 1966) and also on domestic animals, mainly cats and dogs (Sapra and Dhingra, 1974; Ghoshal and Getty, 1970) . The data generated by the anatomical analysis was used as one of the justifications for the brachial motor plasticity of those animals associated with aspects of their behavior.
Material and methods

In this study, 24 Cebus libidinosus (Rylands et al., 2000) monkeys were used (12 females and 12 males), all healthy adults, with deviations as for size and age. They were provided by Ibama (Brazilian Institute for the Environment and Renewable Natural Resources), from the city of Sete Lagoas, Minas Gerais State in 1970, and housed at the anatomy collection of the Federal University of Goiás (UFG). All animals were prepped with injections of Neoprene 601A latex (DuPont) on the femoral artery. The animals were carefully dissected using the naked eye or with the aid of 10x stereoscopic magnification.
R R R Results esults esults esults
The dissection and description of the arteries that irrigate the thoracic limb of the Cebus monkey begins at the point where the subclavian artery emerges underneath the anterior scalene muscle, including, therefore, branches of the third part of the subclavian artery, although some of these vessels are not specific to the thoracic limb, but rather pertain to the thoracic wall. The continuation of the axillary artery is the brachial artery, which in Cebus can be absent or be very short. The radial and ulnar arteries derive directly from the axillary or brachial artery, in most of the cases in the proximal third of the arm.
The radial artery is of smaller caliber and soon after its origin becomes very superficial relative to the ulnar artery and associated nerves of the arm (ulnar and median nerves); it follows a distal path, passing through the cubital fossa towards the forearm. The ulnar artery has a much larger caliber and is located deeper than the radial artery. It follows a distal path covered by the ulnar and median nerves until almost reaching the elbow, when the ulnar artery and the median nerve separate from the ulnar nerve, penetrating the epicondylar foramen of the humerus, arising from it already in the forearm.
Posterior humeral circumflex artery Posterior humeral circumflex artery Posterior humeral circumflex artery Posterior humeral circumflex artery
In all dissected animals, only one posterior humeral circumflex artery was found. In 42 cases (87.5% -21 on each side), the posterior humeral circumflex artery formed a common trunk with the anterior humeral circumflex artery (Figure 1 ). In 2 cases (4.2% -one on each side), this artery arose from a common trunk with the thoracodorsal and circumflex scapular arteries. In the remaining 4 cases, 4 different origins were found: in one case (left side), the posterior humeral circumflex artery arose from the axillary artery; in another case, also on the left side, it formed a common trunk with the thoracodorsal artery; in one case on the right side, Acta Sci. Biol. Sci. Maringá, v. 29, n. 3 p. 247-254, 2007 this artery arose from a common trunk along with the thoracodorsal and circumflex scapular arteries; while in another case, also on the right side, it formed a common trunk with the circumflex scapular and subscapular arteries. The posterior humeral circumflex artery, immediately after its origin, follows a trajectory towards the quadrangular space, crosses it and sends off branches to the deltoid, teres major, teres minor and triceps brachii muscles, and part of the shoulder joint.
Anterior humeral circumflex artery Anterior humeral circumflex artery Anterior humeral circumflex artery Anterior humeral circumflex artery
In all cases, only one anterior humeral circumflex artery was found. In 42 cases (87.5% -21 on each side), this artery arose from a common trunk with the posterior humeral circumflex artery ( Figure 1 ). The anterior humeral circumflex artery is much smaller that the posterior humeral circumflex artery and after its origin follows a craniolateral path sending off small branches on the shoulder joint and the deltoid muscle.
Humeral circumflex trunk Humeral circumflex trunk Humeral circumflex trunk Humeral circumflex trunk
The humeral circumflex trunk, whose terminal branches are the humeral circumflex arteries ( Figure  1 ), was found in 87.5% of dissected arms, with variable origins. In 20 cases (41.6% -12 on the right side and 8 of the left), the trunk arose directly from the axillary artery. In 13 cases (27.1% -8 on the left side and 5 of the right), it formed a larger trunk, along with the thoracodorsal and circumflex scapular arteries and subscapular branches. In 4 cases (8.3% -2 on each side), it formed a larger trunk with the thoracodorsal and circumflex scapular arteries. In 3 cases (6.3% -all on the left side), this trunk is also formed by the circumflex scapular and subscapular arteries. In the 2 remaining cases (4.2% -both on the right side), the trunk emerged from the radial artery, forming a trunk with the circumflex scapular artery.
Radial artery Radial artery Radial artery Radial artery
The radial artery (Figures 2, 3 and 4) was found in all dissected arms, and we did not find more than one artery on any of the dissected arms.
Considering human nomenclature -and consequently the same references -when naming the arteries of the arm of the Cebus monkey, a brachial artery was not found in this animal (or is very short), given that in 41 cases (85.4%), the axillary artery gives origin to the radial and ulnar arteries at the level of the teres major muscle tendon (therefore at the end of the axillary artery). In 6 cases (10.4% -5 on the left side and 1 on the right), this branching took place at a higher level, in the middle of the axillary area. In one case, this ramification took place at a lower level, very close to the elbow. The radial artery, very close to its origin, anteromedially bypasses the median and ulnar nerves, becoming superficial in relation to them, and then follows an ever-more superficial trajectory, between the biceps brachii and triceps brachii muscles, in such a way that it can be found immediately underneath the skin in the distal half of arm. In its trajectory through the arm, it sends off several small muscular branches, destined mainly to the biceps brachii muscle. In its distal third, already near the elbow joint, it sends off one or two larger branches -the superior ulnar collateral arteries. 
Superior ulnar collateral artery Superior ulnar collateral artery Superior ulnar collateral artery Superior ulnar collateral artery
In all studied arms, only one superior ulnar collateral artery was found (Figure 3) . In 38 cases (79.2% -19 on each side), this artery arose from the radial artery. In the remaining cases (16.7% -4 on each side), it arose from the ulnar artery.
Immediately after its origin, the superior ulnar collateral artery follows a distal-medial trajectory towards the humeral medial epicondyle and over the medial surface of the elbow joint. Along with the inferior ulnar collateral artery, it forms a vast vascular network, which anastomoses with itself and with the recurrent ulnar arteries. The superior ulnar collateral artery sends off small branches for the vascularization of distal portions of biceps and triceps brachii muscles, and also for proximal parts of the forearm muscles. Acta Sci. Biol. Sci. Maringá, v. 29, n. 3 p. 247-254, 2007 Inferior ulnar collateral artery Inferior ulnar collateral artery Inferior ulnar collateral artery Inferior ulnar collateral artery
The inferior ulnar collateral artery was found in 46 cases (95.8% -23 on each side). In 41 cases (85.4% -21 on the left side and 20 on the right), this artery originated from the radial artery (Figure 3) . In five cases (10.4% -3 on the right side and on the 2 left), this artery arose from the ulnar artery. In 14 cases (29.2% -7 on each side), the two ulnar collateral arteries arose from a common trunk, and in all cases this trunk originated from the radial artery (Figure 3) . The trajectory and distribution of the inferior ulnar collateral artery are similar to those of the superior ulnar collateral artery.
Ulnar artery Ulnar artery Ulnar artery Ulnar artery
In all cases, only one artery was found (Figures 1,  2, 4 and 5). The ulnar artery is the main branch of the axillary artery, and seems to be its direct continuation. After its origin, this artery follows a distal trajectory, contiguous to the median and ulnar nerves, connected to them by common fascia. It lodges itself in the muscular groove between the medial head of triceps brachii muscle. In the distal third of the arm this artery tilts medially, always contiguous to both nerves. Near the elbow, the ulnar artery and median nerve separate from the ulnar nerve, and both enter the epicondylar foramen of the humerus. In its brachial path, the ulnar artery sends off a large branch in its proximal third: the profunda brachii artery, some smaller muscular branches and, occasionally one of the ulnar collateral arteries.
Profunda brachii artery Profunda brachii artery Profunda brachii artery Profunda brachii artery
The profunda brachii artery (Figure 4 ) was found in 47 cases (97.9% -23 on the left side and 24 on the right). In all 47 cases, this artery arose from the ulnar artery. The profunda brachii artery is the main responsible for supplying blood to arm muscles. Immediately after its origin, usually, this artery normally sends off two or three muscular branches, which are distributed in adjacent muscles and tissues.
Middle collateral artery Middle collateral artery Middle collateral artery Middle collateral artery
In 42 cases (87.5%), only one middle collateral artery was found (Figure 4) . In 40 cases (83.3%) this artery arose from the profunda brachii artery ( Figure  4 ) and in the other two cases (4.2%) it emerged from the ulnar artery. The middle collateral artery is located posterior to the radial collateral artery. It penetrates the triceps brachii muscle and follows distally towards the olecranon where it forms, in conjunction with the interosseous recurrent artery, an arterial network over the elbow and sends off muscular branches along its trajectory.
Radial collateral artery Radial collateral artery Radial collateral artery Radial collateral artery
The radial collateral artery was found in all dissected arms ( Figure 5 ). In 44 cases (91.7% -23 on the left side and 21 on the right), this artery arose from the profunda brachii artery. In four cases (8.3% -three on the right side and one on the left), this artery arose from the ulnar artery. The radial collateral artery is the larger of the two terminal branches of the profunda brachii artery. The radial collateral artery is located anterior to the middle collateral artery and follows a distal trajectory until it penetrates the triceps brachii muscle contiguous to the radial nerve, and emerges in the lateral face of arm. The radial collateral artery then travels superficially and contributes to an anastomosis around the elbow, and reconnecting with the radial recurrent artery. In its trajectory through the arm, it sends off several muscular branches.
Discussion
Discussion Discussion Discussion
Posterior and anterior humeral circumflex arteries Posterior and anterior humeral circumflex arteries Posterior and anterior humeral circumflex arteries Posterior and anterior humeral circumflex arteries According to Gray (1988) , Williams et al. (1979) , Testut and Latarjet (1958) , these arteries arise directly from the axillary artery in humans. To Gray (1988), these arteries are distributed in the deltoid muscle and shoulder joint. Williams et al. (1979) and Testut and Latarjet (1958) add that the teres major and minor muscles, as well as part of the triceps brachii muscle are supplied by these arteries. To Gardner et al. (1978) , Hollinshead (1980) and Keen (1961) these arteries have variable origins, and can emerge from the axillary artery through a common trunk among them or from the subscapular artery; but these authors do not clarify their distribution. In chimpanzees, according to Glidden and De Garis (1936) , these arteries originate from a common trunk among them and from the subscapular artery.
In rhesus and cynomolgus, Urbanowicz and Zaluska (1966) describe one common trunk between the humeral circumflex arteries, with the subscapular artery or another vessel, or isolated from the axillary artery, Bang (1936) cites that saki monkeys have only one posterior humeral circumflex artery. None of the authors clarified the distribution of these arteries. In buffalo, according to Sapra and Dhingra (1974) , the posterior humeral circumflex artery emerges from the subscapular artery and supplies the teres major and minor muscles, triceps brachii, infraspinatus and deltoid muscles, as well as part of the shoulder joint. The anterior humeral circumflex artery arises from the brachial artery and supplies the coracobrachialis muscle, part of the triceps brachii and shoulder. On domestic animals, according to Ghoshal and Getty (1970) , these arteries have different origin and distribution, depending on the species. In our results on Cebus, we found these arteries in all studied cases; there is always one anterior and one posterior artery. In 87.5% of cases, the two arteries originated from a common trunk among them (Figure 1 ). In the remaining cases, these arteries had variable origin. This data coincides with findings on monkeys, but not with humans. In regards to the distribution of the arteries, our data is in accordance with that found in humans, other monkeys and domestic animals.
Humeral circumflex trunk Humeral circumflex trunk Humeral circumflex trunk Humeral circumflex trunk
The humeral circumflex trunk is cited on humans by some authors (Gardner et al., 1978; Hollinshead, 1980) and on monkeys (Glidden and De Garis, 1936; Urbanowicz and Zaluska, 1966) . On Cebus, this trunk was found in 87.5% of samples in our study (Figure 1) , and featured variable origins from the axillary artery or other vessels.
Radial and ulnar arteries Radial and ulnar arteries Radial and ulnar arteries Radial and ulnar arteries
On humans, these arteries generally originate in the ulnar fossa past the elbow joint, by bifurcation of the brachial artery, but can take place in higher positions (Gray, 1988; Williams et al., 1979; Hollinshead, 1980; Keen, 1961; Karlsson and Niechajev, 1982; Testut and Latarjet, 1958) . These results on humans are clearly different from those found on Cebus, because these arteries originated in higher levels by bifurcation of the axillary artery (85.4%), with the ulnar artery as the major branch of the axillary artery. On chimpanzees, the origin of these arteries is the same as in humans (Glidden and De Garis, 1936) . Acta Sci. Biol. Sci. Maringá, v. 29, n. 3 p. 247-254, 2007 Superior ulnar collateral artery Superior ulnar collateral artery Superior ulnar collateral artery Superior ulnar collateral artery
In humans, the superior ulnar collateral artery originates in the medial part of the brachial artery, but it also can originate from the profunda brachii artery, and in both cases anastomoses around the elbow joint and reconnects with the posterior ulnar recurrent artery (Testut and Latarjet, 1958; Gardner et al., 1978; Williams et al., 1979; Hollinshead, 1980; Gray, 1988) . On chimpanzees, this artery is a branch of the brachial artery and ends in the triceps brachii and dorsoepitroclear muscles (Glidden and De Garis, 1936; Aversi-Ferreira et al., 2005b) . Bang (1936) cites only one superior ulnar collateral artery and describes it as a branch of the ulnar artery and ends in the arm muscles and around the elbow. Ghoshal and Getty (1970) found one or two superior ulnar collateral arteries that supply the muscles of the arm and forearm in domestic animals.
In our results, we found this artery in 95.8% of samples -always only one -but in 79.2% of studied cases it originated from the radial artery. In 16.7% of studied cases, it arose from the ulnar artery. Surprisingly, this data is discordant in relation to humans, other monkeys and domestic animals, possibly due to the different manner of origin of the radial and ulnar arteries, much closer to the axillary area. As for the distribution of this artery, our data is in agreement with that found in the cited literature for domestic animals, other monkeys and humans; that is, this artery sends off branches to arm and forearm muscles and anastomoses around the olecranon.
Inferior ulnar collateral artery Inferior ulnar collateral artery Inferior ulnar collateral artery Inferior ulnar collateral artery On humans, the inferior ulnar collateral artery arises from the brachial artery and displays a trajectory and distribution similar to the superior ulnar collateral artery (Testut and Latarjet, 1958; Gardner et al., 1978; Williams et al., 1979; Hollinshead, 1980; Gray, 1988) . On chimpanzees, Glidden and De Garis (1936) , mention the origin and distribution of this vessel as similar to the superior ulnar collateral artery, which is in agreement with our results with Cebus, with the difference that in 85.4% of cases it originated from the radial artery, and in 29.2% both superior and inferior form a common trunk.
Profunda brachii artery Profunda brachii artery Profunda brachii artery Profunda brachii artery
The profunda brachii artery is the major branch from the brachial artery. It is distributed in the posteromedial musculature of the arm and ends to form the middle collateral and radial arteries in humans (Testut and Latarjet, 1958; Williams et al., 1979; Hollinshead, 1980; Gray, 1988) .
According to Gardner et al. (1978) , it can originate from the brachial, subscapular or axillary arteries, and after supplying the deltoid muscle it ends in the middle collateral and radial arteries. Keen (1961) states that its origin is quite variable. The results described in chimpanzees (Glidden and De Garis, 1936) , saki monkeys (Bang, 1936) , rhesus and cynomolgus (Urbanowicz and Zaluska, 1966) , are similar to humans, but Bang (1936) does not mention the terminal branches of the profunda brachii artery. The data described by Sapra and Dhingra (1974) on buffalo and by Ghoshal and Getty (1970) on domestic animals is similar to our description for humans and monkeys.
In our observations, we found this artery in 97.9% of cases -always only one and originating from the ulnar artery -possibly because of the absence of a brachial artery, given the bifurcation of the axillary artery into the radial and ulnar arteries. In Cebus, the profunda brachii artery is the main responsible for supplying blood to arm muscles, and features terminals branches that are the middle and radial collateral arteries. These results are equal to humans and other monkeys. R R R Radial and middle collateral adial and middle collateral adial and middle collateral adial and middle collateral arteries arteries arteries arteries
These arteries are terminal branches of the profunda brachii artery on humans feeding arm muscles and, along with the interosseous and radial recurrent arteries, anastomose around the elbow joint (Testut and Latarjet, 1958; Gardner et al., 1978; Williams et al., 1979; Hollinshead, 1980; Gray, 1988) . These results are in agreement with what we found in Cebus, and also with similar descriptions on chimpanzees (Glidden and De Garis, 1936) , rhesus and cynomolgus (Urbanowicz and Zaluska, 1966) .
General General General General aspects aspects aspects aspects
The arteries studied in Cebus for this work were associated and/or compared with the same structures existent in anatomy literature on humans, domestic animals and other non-human primates. The most data was obtained, in decreasing order, from literature on humans, domestic animals and other non-human primates. We observed that bibliographycal analyses gave basis to interesting correlations between Cebus´ habits and its arterial anatomic structures. The intense use of the thoracic limbs by Cebus for locomotion among trees, in the manipulation of objects, food and tools (sometimes very heavy, such as rocks) used to break coconuts (Resende and Ottoni, 2002) , demands great muscular effort and, consequently, the need for Acta Sci. Biol. Sci. Maringá, v. 29, n. 3 p. 247-254, 2007 more effective vascularization of blood distribution to the muscles of the arm, as demonstrated by the ample surface generated by the ulnar and radial arteries starting from the proximal end of the arm, in substitution of the small or absent brachial artery. The general structure of vessels in Cebus differs from the pattern found in humans and chimpanzees, which is hypothetically associated to the loss of treedwelling habits by the latter two (Hickman et al., 2003) , who use their thoracic limbs as structures for fine manipulation (Lopes, 2004) . The return of venous blood to the heart depends on, among other factors, cardiac power. In chimpanzees and humans, the thoracic limb is most often turned downward; therefore the presence of a brachial artery facilitates the return of venous blood by constituting a single tube up to the elbow, without dispersing blood pressure up to that point. It is for this reason that this artery is used in humans to measure blood pressure, as is commonly known. In Cebus, whose thoracic limbs spend part of the time turned upward due to their tree-dwelling habits, the brachial artery is small or absent, as the return of venous blood from the thoracic limbs to the heart is already aided by gravity.
Conclusion
Conclusion Conclusion Conclusion
In general terms, the findings on the vessels of the arm of the Cebus monkey are similar to those found in humans and in other primates. However, specifically, the most outstanding variation was the small size or the absence of the brachial artery in Cebus. The arterial pattern found in Cebus is consistent, in anatomical and physiological terms, with its tree-dwelling behavior and constant use of the thoracic limbs for locomotion.
